when the product is chosen for edible purposes. It is useful in baking application of fats and retard staling 7 .
The conventional hydroxylation methods involve reacting higher concentration of hydrogen peroxide in the presence of organic acids to obtain higher conversion rate 8 .
The use of higher concentration of hydrogen peroxide and exposure of soybean lecithin to higher temperatures for longer reaction times may degrade the lecithin. Due to the high heating efficiency in a short time, ultrasonic irradiation conditions can accelerate any type of organic reactions compared to conventional thermal heating. Under ultrasonic irradiation, as an acoustic pressure wave from a transducer propagates through the aqueous medium, changes in pressure causes cavitation bubbles to form oscillate and subsequently collapse and this phenomenon known as cavitation 9, 10 . In ultrasound assisted synthesis, microstreaming and microturbulence was generated during asymmetric cavity collapse and the physical effects was caused by shock waves, which helps for the process intensification 11 . The reaction chemistry and propagation by way of enhanced mass transfer and interphase mixing can be favoured by the use of sonochemical reaction 12 . The use of ultrasound may facilitate operation at milder operating parameters 13 . Ultrasonic irradiation also has the unique feature of providing environmentally friendly processes.
Considering the large number of industrially important hydroxylation reactions, there have been relatively few publications dealing with the use of ultrasound in this area. The objective of the present work is to provide a simple, rapid and an environmentally friendly ultrasound assisted process for hydroxylation of crude soybean lecithin CSL using hydrogen peroxide and lactic acid at lower reaction times with higher conversion rates over conventional heating method. The effect of operating parameter such as lactic acid, hydrogen peroxide, temperature, ultrasonic power and duty cycle in synthesis of hydroxylated soybean lecthin HSL were studied. The surface tension reducing properties were compared. In this study, the Iodine value IV , Peroxide value PV , Acid value AV , Surface tension SFT , Interfacial tension IFT , the Critical micelle concentration CMC , emulsion stability and foamability of CSL and HSL were determined for the ultrasound irradiation method and compared with conventional method.
MATERIALS AND METHOD

Materials
Crude soybean lecithin CSL was obtained as gift samples from M/s Vav Life Sciences Pvt. Ltd., Mumbai, India. Hydrogen peroxide 30 aqueous solution , lactic acid 75
and n-hexane AR grade were procured from M/s Thomas Baker, Mumbai. All the other reagents and solvents obtained from commercial sources were of analytical grade.
Experimental methods
Synthesis of hydroxylated soybean lecithin HSL
Crude soybean lecithin CSL 10 g with n-hexane 30 mL , lactic acid 2-3 of lecithin, wt/wt and hydrogen peroxide 5-20 of lecithin, v/wt. were charged in a 100mL round bottom flask fitted with ultrasonic probe and reflux condenser. The reaction was carried out using ultrasonication and monitored by IV. The effect of different operating parameters such as lactic acid 2-3 of lecithin, wt/ wt , hydrogen peroxide 5-20 of lecithin, v/wt , temperature 40-55 , ultrasonic power 60-120 W , duty cycle 30-80 for the synthesis of hydroxylated soybean lecthin HSL were studied. The product was dried under vaccum and analyzed for IV. in surface tension with respect to concentration CMC was determined using Kruss K-100 tensiometer 15 17 . Accordingly, CSL and HSL were dissolved in sunflower oil at 0.05 wt/v of the total emulsification volume consisting of sunflower oil and water in 2:3, v/v. The contents were homogenized using homogenizer at 5,000 rpm for 60 s and the emulsion was poured into a 100 mL measuring cylinder. The time interval required to separate 10 and 20 mL aqueous layer from oily layer was recorded. The experiment was repeated 3 times for each sample and average of three tests was calculated. The longer time indicates the better emulsifying power.
RESULTS AND DISCUSSIONS
3.1 Physico-chemical properties of crude soybean lecithin CSL The fatty acid composition and physico-chemical properties of CSL are listed in Table 1 . Crude soybean lecithin contains large amounts of linoleic acid, oleic acid, palmitic acid followed by other constituents such as linolenic acid, stearic acid, etc. The IV of CSL was 91.38 g I 2 /100 g due to the presence of higher amount of unsaturated fatty acids in CSL.
Study of effect of operating parameters on synthesis
of hydroxylated soybean lecithin HSL from crude soybean lecithin CSL
Effect of the concetration of hydrogen peroxide
The addition of hydrogen peroxide as hydroxylating agent is one of the important parameter to determine the extent of conversion. In order to study the effect of the concetration of hydrogen peroxide on reduction in iodine value, different experiments were carried out with 5 , Further increase in H 2 O 2 beyond 15 may lead to decomposition of lecithin. Therefore, the optimal concentration of H 2 O 2 was found to be 15 .
Effect of the lactic acid loading
To study the effect of lactic acid concentration on the Fig. 3 . It has been seen from the figure that an increase in the the concentration of lactic acid from 2-3 shows the faster reduction in IV. However, further increase in the catalyst concentration beyond 3 has no significant effect on the conversion of CSL. The lactic acid acts as catalyst. The main function of lactic acid with H2O2 in the hydroxylation reaction was in making available sufficient amount of peroxy acids for hydroxylation of unsaturated fatty acid chain of CSL. Due to microstreaming effect of ultrasound, the rate of hydroxylation of CSL was faster as compared to conventional heating method. An increase in the lactic acid loading increases the active sites of catalyst. Hence, conversion was increased till 3 . Furthermore, due to availability of the excess of latic acid for hydroxylation beyond 3 loading did not result in any further increase in the conversion. Therefore, the optimized amount of lactic acid loading was found to be 3 wt/wt of CSL 3.2.3 Effect of the temperature To investigate the effect of the reaction temperature on the hydroxylation reaction of CSL, the temperature was varied from 40 to 55 . The optimal parameters such reaction time of 90 minutes, 15 H 2 O 2 v/wt of CSL , lactic acid loading 3 wt/wt of CSL , power dissipation of 100 W and duty cycle of 70 were kept constant. The effect of reaction temperature on conversion of CSL is shown in Fig.  4 , which shows that on increasing the temperature from 40 to 55 , conversion of CSL to HSL increases. This increase in conversion with increase in temperature was mainly attributed to increase in miscibility of n-hexane in CSL and extent of cavitation at different temperature. Also the diffusion phenomenon is dominant at low temperature owing to high cavitation intensity as at low temperature rate of bubble generation is low but they collapse with high intensity 18 . Thus, the mass transport of the reactants on the catalytic sites is high. Increase in temperature decreases the viscosity and surface tension of the reaction mixture, which affects bubble formation and its subsequent collapse 19 . However, further rise in the temperature to 55 , there was no significant change in the reduction of IV and further rise above 55 may lead to the decomposition of CSL. Therefore, the optimum temperature found to be 50 .
Effect of ultrasound power
To achieve an efficient cavitation for hydroxylation of CSL, ultrasonic power dissipation is an important parameter. To study the effect of ultrasound power on the hydroxylation reaction of CSL, the experiments were performed by varying the input power from 60-120W, while other parameters such as lactic acid loading 3 wt/wt of CSL , reaction temperature of 50 , reaction time of 90 minutes, 15 H 2 O 2 v/wt of CSL , ultrasonic power 100 W, duty cycle 70 kept constant. The obtained results have been shown in Fig. 5 . It can be seen that conversion increases with an increase in the ultrasonic power from 60-100W. Further increase in the power beyond 100W has no significant effect on the conversion of CSL. This increase in the conversion with reduction in IV is attributed to the fact that, with an increase in power dissipation the cavitational intensity increases, which increases mixing and emulsification of two immiscible liquid layer. The cavitational intensity increases with an increase in the ultrasonic power, providing the formation of microturbulance, micro-streaming and micro-emulsion and hence enhances mass transfer 20, 21 .
Hence, the optimum power dessipation was taken to be 80 W. 
Effect of Duty cycle
Ultrasonic duty cycle is an important operating parameter which affects the cavitational intensity. It is expressed in percentage indicates the ratio of ultrasound probe ON time and that of ON and OFF time taken together. Dey and Rathod et al. reported that the ultrasonicator can be used both in a pulse mode and a continuous mode 22 . Continuous mode is energy inefficient as compared to pulse mode and also causes erosion of the tip. The main purpose of using pulse mode ultrasound operation is to reduce the net power consumption in the system and to attain sufficient cooling of transducer, which will eventually enhance the durability of the equipments. To investigate the effect on reaction, the ultrasonic duty cycle was varied from 30 to 80 by keeping other optimal parameters such H 2 O 2 concentration 15 , vt/wt of CSL , lactic acid concentration 3 , wt/wt of CSL , temperature 50 , reaction time 90 mins. , ultrasonic power of 80 W constant. Effect of duty cycle on reduction of iodine value of CSL are shown in Fig.  6 . It can be observed that as the ultrasound duty cycle increases from 30 3 s ON and 7 s OFF to 70 7 s ON and 3 s OFF the reduction of IV increases and then no significant increase in conversion was observed for further increase in the duty cycle to 80 8 s ON 2 s OFF . Hence the reaction was carried out in pulse mode at optimum duty cycle of 70 .
Comparison of ultrasonic irradiation with conventional
stirring The performance of ultrasound assisted hydroxylation of CSL was compared with the conventional route by carrying out the conventional reaction in a stirred batch reactor in absence of ultrasound irradiation. The optimized operating parameters of the ultrasonic irradiation such as 15 H 2 O 2 v/wt of CSL , lactic acid loading of 3 wt/wt of CSL and temperature 50 were used for the conventional stirring process and the obtained results were depicted in Fig. 7 .
The results showed that 52.38 reduction in IV was obtained in 90 mins by the ultrasonic irradiation whereas the conventional stirring gave 15.24 conversion in similar reaction time. An intense level of microturbulence and microemulsions was generated by ultrasonic irradiation which results in the increased interfacial area and eliminated mass transfer resistance. Therefore, it can be concluded that ultrasound assisted reaction is faster and requires less time in comparison of conventional stirring method. trasound assisted hydroxylation with 15 hydrogen peroxide was found to be 15 Gardner units as against 18 Gardner units for crude soy lecithin which was shown in Table 2 . Ultrasound assisted hydroxylation reaction was greatly accelerated using lactic acid 3 , wt/wt of CSL and hydrogen peroxide 15 , v/wt of CSL at 50 with100 W power and 70 duty cycle as compared to conventional method. Hydroxylation of the unsaturated fatty acids will results in the reduction in the degree of unsaturation which was determined through iodine value measurement. Under ultrasound irradiation, reduction in IV was observed upto 52.38 within 90 mins as compared to conventional thermal heating under similar reaction conditions, which suggests that as a results of CSL hydroxylation, double bonds of unsaturated fatty acids in PLs molecules were converted to C-C single bonds with hydroxyl groups. Moreover, lecithin with the level of peroxide value above 5 mmol O 2 /kg should not be used in pharmaceuticals, cosmetics and food industries. Taking this into account, due to 52.38 reduction in IV and low peroxide value, the synthesized HSL can be used in food industries.
Surfactant properties of CSL and HSL
To understand the surface activity of CSL and HSL, the SFT, IFT and CMC measurements were carried out. The findings are tabulated in Table 2 . The modification of the lecithin structure will influence the nature and extent of adsorption at the interface. Addition of hydroxyl group into the unsaturated bonds in the lecithin structure will alter its hydrophilicity that is the HLB, and its structure and consequently influence the surface active behaviour. Therefore, the effect of the hydroxylation on the surface and interfacial tension reduction can also be related to the degree and nature of surfactant adsorption at the air-liquid and liquidliquid interface 23, 24 .
The surface tension of 0.05 CSL was 37.53 mN/m. It was reduced to 26.11 mN/m for HSL. From this results we can infer that, hydroxylation of lecithin improved the surface tension reduction ability of lecithin. The interfacial tension of 0.05 surfactant solutions of CSL and HSL were 6.22 mN/m and 2.67 mN/m respectively. The IFT of HSL was found significantly lower than CSL. This could be due to the lecithin structure changes resulting from incorporation of hydroxyl group through hydroxylation, which alters the hydrophobic character of the surfactant and influences the nature of the surfactant arrangement at the interface.
To understand the role of surfactant adsorption, it is necessary to know the amount of material adsorbed at the interface. Hence, the critical micelle concentration CMC depicts the concentration of surfactant at the interface. CMC is known as an indicator of the effectiveness of surface tension reduction and it also helps to identify good emulsifier 25 . Introduction of the hydroxyl groups onto the lecithin structure helps to increase the hydrophilicity and the HLB. Therefore, HSL 112 mg/L recorded a comparatively lower CMC than CSL 291 mg/L . Above the CMC value, the surface activity of an emulsifier does not enhance with the addition of an emulsifier in excess. Thus, the smaller the CMC of the emulsifier, the better its emulsion stability.
Emulsion stability
The nature and extent of packing of the phospholipids at the oil-water interface is an important factor for the emulsification behaviour of lecithin. It should be noted that the emulsification behaviour is influenced by the modification of hydrophobic group of lecithin. The presence of unsaturated fatty acids chains in PL molecules of lecithin make it more rigid and hence impacted negatively on its packing at the interface. The degree of the unsaturation was decreased through hydroxylation of CSL, which made the hydroxylated lecithin less rigid and flexible. This flexible structure of HSL will result in densely packed surfactant arrangement at the oil-water interface and it will increase the interaction between lecithin molecules and aqueous film at the oil-water interface, which eventually helps to improve the interfacial activity of lecithin 26 . Also, the increased interaction between surfactant and aqueous film at oil-water interface may provide a strong barrier to droplets coalescence which will enhances the emulsion stability. 
Colour Gardner 18
The results of emulsion stability of 0.05 solution of CSL and HSL are depicted in Fig. 8 , which shows the time required for the separation of 10 and 20 mL aqueous layer from oily layer. The values indicated that the emulsion formed with hydroxylated soybean lecithin 36 min for 10 mL; 84 min for 20 mL was more stable compared to crude soybean lecithin 24 min for 10 mL; 56 min for 20 mL . 3.4.4 Foamability test CSL itself does not have good foaming properties. After hydroxylation of CSL, HSL shown better emulsification properties and water dispersibility as compared to CSL. Therefore, HSL showed low foaming characteristics than CSL Fig. 9 . Due to these properties, HSL can be used as defoamer or antifoamer to control the foam. It can be used as an antifoaming or defoaming lubricant additives to control the foam because foams results in the detrimental effect of small pin holes on the paper coated surface. Hence, an improved lubricant for coating moving webs can be provided with low foaming characteristics of HSL 27 .
CONCLUSIONS
The present study demonstrated the applicability of ultrasound irradiation for the intensified synthesis of hydroxylated soybean lecithin HSL from crude soy lecithin CSL . The optimum operating parameters for the present work were found to be H 2 O 2 concentration of 15 v/wt of CSL , lactic acid loading 3 wt/wt of CSL , temperature 50 , ultrasonic power 100 W, 70 duty cycle. In this process, ultrasonic irradiation at 22 kHz significantly enhanced the HSL synthesis from CSL with reduction in iodine value up to 52.38 over a reaction time of 90 min whereas conventional stirring method showed reduction in iodine value up to 15.24 . Cavitation generated using ultrasonic irradiation mainly affects the mass transfer rates, emulsification of the reaction mixture and ensures uniform distribution of the reactants. Therefore, the ultrasound-irradiated method was considered as a simple, rapid and efficient for the production of hydroxylated soybean lecithin. HSL has significantly reduced the SFT, IFT and CMC than the CSL. Considering the obtained degree of SFT, IFT reduction, the CMC value and better emulsion stability with low foaming characteristics, the HSL should be considered as more efficient emulsifier in food, pharmaceuticals, lubricants and cosmetics than the CSL. 
